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 Nevada’s state fish, the Lahontan Cutthroat Trout (Onocorhynchus clarkii henshawi), is an 
invaluable species to both the freshwater ecosystems where it occurs and the inhabitants of the state.  
Since they were first discovered in 1844, the species has experienced dramatic reductions in population 
and range size, with many extirpation events including populations in the Tahoe, Walker, and Pyramid 
lakes.  This subspecies is currently classified as threatened under the United States Endangered Species 
Act.  I analyzed the population genetics of 36 river and lake populations which are now found primarily 
in fragmented habitats, using 18 nuclear non-coding microsatellite loci and 755 samples.  Microsatellites 
markers allow for genetic analysis of populations with small degrees of genetic divergence, allowing for 
characterization of genetic variation and delineation of population genetic structure, which give clues 
into how current threats are affecting these fish.  The analyses show that many of the small isolated 
populations have low levels of genetic variation, with evidence of bottleneck events and inbreeding in 
many cases.  The lack of a meta-population dynamic, the historical population structure, is very clear, 
and genetic differentiation exists among extant populations.  If the species is to persist, efforts must be 
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The Lahontan cutthroat trout (LCT, Onocorhynchus clarkii henshawi), is the largest subspecies of 
cutthroat trout, and is an important salmonid species in the Great Basin watersheds.  LCT plays a vital 
role as the apex predator in the ecosystems where it occurs. Historically the range of LCT extended from 
northern Nevada and California, into southeastern Oregon (Dunham et al. 1997; Peacock and Kirchoff 
2007).  A combination of factors, including human threats, invasive species, and a severe amount of 
habitat degradation and fragmentation  have removed this species from all but a fraction of its historic 
range, including its extirpation from Lake Tahoe, Walker, and Pyramid lakes.  Currently, the only native 
lacustrine populations are found in Summit and Independence lakes, and most of the remaining stream 
populations are small and isolated from one another (Coffin and Cowan 1995).     
LCT is currently listed as threatened under the United States Endangered Species Act, and three 
distinct population segments (DPS) have been identified based on morphological, ecological, and genetic 
data.  The DPS concept is intended to refine recovery objectives for threatened and endangered species 
and is based upon the evolutionarily significant unit idea proposed by Moritz (1994) and Waples (1995).  
The current DPS designations for LCT divide their range up into Western, Eastern and Northwestern 
components (Figure 5).  When greater connectivity existed among the streams within these various 
watersheds, a meta-population dynamic facilitated long term persistence and maintenance of genetic 
variation (Neville et al. 2006) within and among river systems, this dynamic has largely disappeared, 
leaving behind disconnected subpopulations, with multiple contemporary lake populations recreated 
with fish transplanted from an outside source and maintained under hatchery propagation.  Under 
current conditions, many small isolated populations are at great risk for extirpation. High levels of 
genetic divergence among DPS groups make defining source populations for recovery activities 
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challenging. This is especially true for lake populations considering morphological differences between 
lake and stream LCT forms (Behnke 1992).  Some, including Benke (1992), even contend that LCT should 
be divided into western basin Lahontan and eastern basin Humboldt cutthroat trout subspecies based 
upon Lake and fluvial forms, although more genetic evidence must be provided first. 
Synergy created amongst the various threats facing LCT has created a challenging scenario for 
recovery. , Therefore formulating recovery recommendations for increasing occupancy in the current 
range and improving genetic health of LCT, requires an understanding of both the genetic population 
structure and population dynamics.  This study aims to answer questions which should provide a better 
picture of the genetics underlying this fish species.  Some main questions considered throughout this 
analysis include: 
 Are there evolutionary or contemporary differences between LCT populations? 
 Is there evidence of a connected population network between certain streams or lakes? 
 Are some populations more at risk of extinction than others? 
 Is there enough divergence between subpopulations to support reclassification? 
Through a statistical analysis, it can be determined if there are populations currently in grave danger of 
extirpation from inbreeding, small effective population size, bottleneck events, low genetic variation, or 
lack of suitable migratory corridors.  Additionally, it can be determined if connectivity still exists among 
populations within DPSs.    Population genetics can also indicate which populations are most robust, and 
therefore best suited to support transplant recovery methods.  Some populations may have high levels 
of genetic variation, and these populations will be key to understanding what helps these fish thrive.   
Genetic analyses using nuclear noncoding microsatellite markers can be used to characterize 
both the genetic diversity and the degree of differentiation among populations, especially where 
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morphological data and data from other genetic markers are not variable enough to shed light on 
patterns of divergence.  Since many LCT populations are found in waters that have experienced recent 
anthropogenic water diversions resulting in isolation genetic differences are best detected by the rapidly 
evolving microsatellite loci.  Such analyses will help elucidate evolutionary relationships among the 
various populations, in addition to the population genetic measures mentioned above.  Insights gained 
by analyzing the three DPS of Lahontan Cutthroat trout should give a framework for understanding the 
current population dynamics, in addition to providing a framework as a basis for future recovery 
projects. 
Materials and Methods 
Study Populations- Thirty-six populations from various Great Basin watersheds were included in this 
study.  Populations were sampled from Oregon, Nevada, and California, to encompass the wide variety 
of habitats Lahontan Cutthroat Trout reside in.  The intent was to try and sample as many of the streams 
within the historic range that are still occupied by this endangered fish. The wide range of study 
populations will give a clear picture of the variation and divergence among populations of Lahontan 
cutthroat trout that were isolated from one another after the Pleistocene epoch.  Populations chosen 
resided in separate creeks or rivers, with little current connectivity.  Analysis of the various populations 
together is intended to characterize spatial patterns of the remaining genetic variation found in this 
subspecies.   
Study Fish- DNA samples were collected non-invasively by taking fin clips.  Some were collected recently 
in conjunction with other genetic studies of Lahontan cutthroat trout.  Many of the DNA samples were 
extracted prior to this study, so DNA was chosen based on population and geographic location.  This 
study used a combination of fish samples collected by Dr. Mary Peacock’s lab from 2000 up until 2013.  
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DNA was re-run for this study to include new microsatellite markers previously un-analyzed on these 
fish.  
Molecular Markers- Eighteen microsatellite loci were genotyped for each fish (OCH 5, OCH 6, OCH 9, 
OCH 13, OCH 14, OCH 15, OCH 16, OCH 17, OCH 18, OCH 21, OCH 24, OCH 27, OCH 28, OCH 29, OCH 30, 
OCH 31, OCH 32, OCH 34; Peacock et al 2004, Robinson et al. 2008)  Microsatellite loci were created 
using an enriched genomic library created by Genetic Identification Services (available at: genetic-id-
services.com/) for Lahontan cutthroat trout (Peacock et al. 2004; Robinson et al. 2008).  The above 
microsatellite loci have been used to genotype individuals from over fifty different populations of 
Lahontan Cutthroat Trout in previous studies (Neville et al. 2006a; Peacock and Kirchoff 2007; Peacock 
et al. 2010; Peacock and Dochtermann 2012).  Data for Markers OCH 5, 6, 9, 14, 16, 17, 18, & 20 were 
collected in an earlier study, although in the case of the Humboldt DPS these loci had to be re-amplified 
(Peacock and Kirchoff 2007). These data were merged with the data from additional markers genotyped 
in this study to create the final data set.   
Extraction/PCR/Genotyping- DNA was isolated from tissue samples using a Qiagen DNeasy tissue 
extraction kit.  Total DNA amounts were then quantified using a Labsystems Fluoroskan Ascent 
fluorometer.  Polymerase chain reaction (PCR) was run on all DNA samples to amplify ten new 
microsatellite loci, and also to re-amplify the earlier eight loci on the Humboldt River populations.  PCR 
was run on a Perkin Elmer Gene amp 9600 thermal cycler in 12 µl volumes.  Conditions for each locus 
consisted of 30 cycles of 30s 95 °C, 30s 55 °C, 30s 72 °C, followed  by 10 min extension at 72 °C. 
All PCR products were diluted in 100 µl deionized water and 1 µl of diluted PCR product was added to 19 
µl ROX/Formamide ladder.  Fragment analysis was conducted on a PE Applied Biosystems 3730 Genetic 
Analyzer.  The software program GeneMapper was used to assign alleles to each locus for each 
individual.  Merging previously genotyped data with new data required some bins to be shifted, so that 
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all alleles were called consistently.  OCH 20 is the same locus as OCH 14, except shifted by forty eight 
base pairs in the primer sequence, and was used to match up individual calls from old and new runs. 
Statistical Analysis- Microsatellite toolkit an excel add-in was used to generate observed (Ho) and 
expected (He) heterozygosities per locus per population (Table 1).  The program Fstat was used to test 
for Hardy-Weinberg equilibrium (FIS), estimate pairwise FST among populations, characterize genotypic 
diversity, and allelic richness (RS; FSTAT, version 2.9.3.2, Goudet 2002) (Table 1 & 2).  FST is a measure of 
gene flow and differences in allele frequency between populations and is measured on a scale of zero to 
one.  A measure of zero represents no genetic differentiation between two populations, while one 
represents complete differentiation.   
As a general rule of thumb FST values from 0-0.05 indicate low levels of genetic differentiation, 0.05-0.15 
indicate moderate levels of differentiation, 0.15-0.25 great levels differentiation and above 0.25 very 
great levels of differentiation (Hartl and Clark 1997). Although these are theoretical estimates derived 
from allozyme data, FST estimates from both allozyme and microsatellite data are often compared 
directly (Estoup et al. 1998; Allendorf et al. 2000; De Innocentiis et al. 2001). 
To get clearer picture of the genetic structure existing between these various populations and DPS, a 
Bayesian genotype clustering method was used (Pritchard et al. 2000; STRUCTURE version 2.3.3).  This 
approach is a type of assignment test (Paetkau et al. 1995, 2004; Rannala and Mountain 1997; Waser 
and Stroebeck 1998; Cornuet et al. 1999; Piry et al. 2004), which uses genotype likelihoods within 
populations versus allele frequencies of the larger whole population to assign individuals to a probable 
population of best fit according to the calculated frequencies.  These genotype clustering methods can 
be used to assign historic gene flow in addition to showing contemporary patterns of gene flow.  The 
structure can be used to assign historic populations of origin for some individuals.  In the program 
STRUCTURE we used an admixture model, where individuals can be identified and assigned, even with 
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novel genotypes.  STRUCTURE uses a Markov chain Monte Carlo (MCMC) re-sampling algorithm. We 
specified anywhere from 30,000-100,000 burn-in period followed by five 30,000-100,000 MCMC 
replicates per K (number of genotype clusters) to approximate posterior allelic distributions against 
which individual genotypes were compared and assigned to a cluster (Pritchard et al. 2000).  I conducted 
5 replications per K for K = 1-12.  The natural log of the probability of the data [LnP(D)] is used to 
determine the best fit of the data (Figures 1,2,3,4).   
The linkage disequilibrium module in the program NEestimator was used to calculate the effective 
population size (Ne, 95% CI) for each individual population (combining the Whitehorse Creek samples 
due to small sample size) (Table 4).  Ne gives an estimate of the number of breeding individuals within a 
population, which shows an indication of the population size and potential impacts of genetic drift. 
In addition to calculating Ne, the program may also detect excess heterozygosity in a population.  Excess 
heterozygosity is a strong indication of a population that has recently undergone a population 
bottleneck event.  To further evaluate if there has been a recent Bottleneck event, the program 
Bottleneck was run on each population.  Bottleneck estimates the statistical significance of the 
heterozygote excess under both the single step mutation model (S.M.M.) and the two phase mutation 





 The majority of the remaining native LCT populations are found in the Humboldt River and its 
tributaries.  This region had the second highest overall observed heterozygosity (0.580), when averaged 
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over all populations and loci.  This is largely due to the fact that this river system has the largest area of 
interconnected stream habitats in addition to the largest estimated LCT populations. Populations found 
in Abel, Tierney, and Mohawk creeks each have an average observed heterozygosity of 0.309, 0.335, and 
0.188 respectively.  Tierney and Mohawk creeks, found in the Reese sub-basin, inhabit small isolated 
streams that historically drained into the Reese river, which drains into the larger Humboldt River.  Abel 
Creek from the South Fork of the Little Humboldt River is also isolated, which correlates with its low 
level of genetic diversity.  Among these three populations, a total of thirteen loci were fixed for one 
allele.  The rest of the populations in the Humboldt River have high genetic diversity, all with an average 
observed heterozygosity of 0.7 or greater (Table 1).   
 Deviations from Hardy-Weinberg (HW) equilibrium were found in ten populations.  Utilizing the 
program Bottleneck (Cornuet and Luikart 1996), to check for heterozygote excess, I found significant 
values in eight populations.  Both Foreman creek and Beaver creek populations were found to have a 
significant heterozygote excess under the two phase mutation model (P=0.05).  The LCT populations in 
T, Abel, Little Jack, Indian, Tierney, and Mohawk creeks were found to have a significant heterozygote 
excess under both the two phase and the single step mutation models.  
 Additional deviations from HW equilibrium were determined by analyzing FIS.  Loci with 
statistically significant FIS values had heterozygote deficiencies, suggesting inbreeding.  Frazer Creek had 
heterozygote deficiency at the OCH 28, 31, 32, and 34 loci, with FIS values of 0.467, 0.534, 0.467, and 
0.268, respectively for each locus (P=0.00008).  Little Jack Creek had heterozygote deficiency at OCH 31, 
with a FIS of 0.692.  Gance Creek had significant Fis values for OCH 27 and 30, (0.543 and 0.509, 
respectively) and Indian Creek had significant heterozygote deficiency at OCH 31 (FIS =1).  All other 




 Truckee River samples included populations from Bettridge Creek, Independence Lake, 
contemporary Pyramid Lake, Macklin Creek, and the Pilot Peak hatchery strain which is derived from the 
Bettridge Creek population.  Carson River samples include Murray Creek, Marshall Canyon Creek, and 
East Fork Carson River.  Samples from the Walker River include populations from By-day and Slinkard 
creeks.  The samples from this region had the highest overall observed heterozygosity, averaged for all 
populations over all loci, at 0.584.  The only in situ extant LCT population native to the Truckee River 
basin is found in Independence Lake, while the Bettridge and Macklin creek populations are in out-of-
basin drainages. Bettridge Creek fish represent the original strain native to Lake Tahoe and Pyramid Lake 
which was extirpated in the 1940s, while Macklin LCT, originally thought to be from Lake Tahoe is more 
closely related to the Willow-Whitehorse populations in the Coyote Lakes basin in Oregon.  The 
contemporary Pyramid Lake strain is of mixed stock ancestry and was created after this original 
population was lost in the 1940s. 
 Bottleneck results show statistically significant heterozygote excess in six populations in this 
DPS.  Independence Lake and East Fork Carson River populations both had heterozygote excess under 
the two phase mutation model  (P= 0.05). Macklin, Marshall Canyon, Slinkard, and By-day creeks all had 
significant heterozygote excess under both the two-phase mutation model and the single step mutation 
models (P=0.05) (Table 3).  
 Statistically significant heterozygote deficiency was found in  three populations (Independence 
and Pyramid lakes, Pilot Peak strain) at one locus each.  The Independence Lake population show a 
deficiency at OCH 27, with a FIS value of 0.507 (P= 0.00008).  Contemporary Pyramid lake samples had a 
significant deficiency at OCH 31 with a FIS of 0.459.  The Pilot peak hatchery strain also exhibited a 
observed heterozygote deficiency at OCH 31, and had a FISvalue of 0.716.  All other populations were is 




 Populations from the Northwestern DPS (Quinn River, Black Rock Desert, and Coyote Lakes 
Basin) include Summit Lake, Washburn Creek, Line Creek, 3 Mile Creek, and the Willow Whitehorse 
populations.  The Quinn region has undergone several extinction events in the last three decades, 
mostly due to human intervention and damage.  The streams remaining have small, isolated populations 
with a relatively lower average observed heterozygosity of 0.474, when compared to other regions.  The 
Willow Whitehorse populations still remain more connected, and have a higher observed average 
heterozygosity of 0.5491 (Table 1).     
 Bottleneck runs indicated that four of the eleven populations from this DPS had statistically 
significant heterozygote excess.  Washburn Creek, Line Creek, 3 Mile Creek, and the Upper Whitehorse 
Creek all had a significant excess under both the two phase mutation model and the single step 
mutation model (P=0.05) (Table 3).   
 FSTAT analysis showed a statistically significant heterozygote deficiency in the Summit Lake 
population.  The deficiency was found at the locus OCH 17, with a calculated FIS value of 0.722 (Table 1). 
Bayesian genotype clustering analysis: 
 Bayesian genotype clustering analysis (STRUCTURE version 2.3.4) was run on all of the 
populations together.  Utilizing Structure Harvester 
(http://taylor0.biology.ucla.edu/structureHarvester/) to find the Delta K for best fit (Evanno et al 2005), 
it was determined that K=2,4, and 9 had the best statistical support (Figure 4).  Two genotype clusters 
had the greatest statistical support and thus the highest delta K, but also may be limited since it only 
allows for two distinct clusters.  In figure 1 (K=2) it is clear that distinct structure separates these river 
systems.  The western DPS, at the far left, has three distinct patterns, with Bettridge and the Pilot Peak 
hatchery strain having very similar structure.  This makes sense, because the Pilot Peak hatchery strain is 
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derived from the Bettridge population .  Macklin Creek and Independence Lake also have distinct 
membership from the first two populations. Pyramid lake, along with the Carson and Walker River 
populations all fall into a similar membership pattern, with roughly equal membership in each cluster.  
Under the two cluster assumption, the Eastern DPS all fall into a distinct group, with highest 
proportional membership in only one cluster, giving a clear indication of both this DPS’s distinction and 
inner-connectedness (Figure 1).  Northwestern DPS populations under the K=2 cluster are mixed, and 
have some similarity to the Carson and Walker samples, but are clearly distinct from the populations 
adjacent to them.  The Willow-White Horse populations showed very similar clustering patterns.  K=2 is 
an excellent resolution of clusters to see distinct evolutionary patterns among the DPSs of LCT.   
 Adding more genotype clusters reveals a higher resolution of differentiation among populations, 
especially compared to the two cluster model.  Figures 2 & 3 display the results from K=4 and 9, the runs 
with the next two highest delta K support values.  These show that there is further divergence between 
the river basins within each DPS.  Besides the Coyote Lakes Basin watershed and some segments of the 
Humboldt River, there is clear separation among populations and river basins.  Here we see 
confirmation that populations in the Coyote Lakes Basin and segments of the Humboldt River, i.e., 
Mary’s River, still have some sort of connectivity where gene flow exists among populations.  K=9 does 
show relatedness between populations within basins like the Carson, Walker, and Quinn, however these 
populations have low levels of genetic variation which make determining historical relationships 
difficult.  So although they have considerable relatedness, other statistical evidence indicates that these 
populations are small with limited genetic variability, so they are likely to be isolated from nearby 
populations with limited gene flow. 
Discussion and Conclusions 
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 The lack of an existing meta-population dynamic among populations within the three DPSs was 
clearly supported by the results of several statistical tests.  There is clear divergence supported among 
populations within and among DPSs by Bayesian genotype clustering analysis and F statistics, with 
Humboldt DPS being the most differentiated from the Northwestern and Western segments.  The 
Humboldt River still has some connectivity among populations within watersheds and supports some of 
the most genetically robust remaining populations.  Of the three DPSs, the Humboldt River populations 
were clearly grouped by genotype cluster, with overlap in proportional membership within clusters 
occurring mainly between the populations found in Western and Northwestern-most segments.  These 
relationships make biological, evolutionary, and geographical sense, as the Western and Northwestern 
systems historically either drained into or were completely inundated by ancient Lake Lahontan, while 
the Humboldt watershed was never inundated by the lake.  Bayesian genotype clustering analysis and F 
statistics confirmed the current DPS designations, and showed some evidence that there is a good deal 
of divergence among the stream populations of the Humboldt River and the remaining Western basin 
LCT populations.   
 Evolutionary relationships were also confirmed between known transplant populations.  For 
example, the Pilot Peak hatchery strain was derived from the Bettridge Creek population, and they 
clearly cluster together in every STRUCTURE run. In addition the contemporary Pyramid Lake population 
was founded with fish from Summit Lake, Independence Lake, and the Carson River and retains this 
genetic signature, as seen in the STRUCTURE output. 
 Many of the extant LCT populations are genetically depauperate.  There was a clear correlations 
between the degree of isolation of a given populations and a low level of genetic variation, significant 
bottleneck evidence, low effective population size, or inbreeding at certain loci.  By analyzing the 
severity of some of these indicators, it can be determined which populations are especially in trouble.  
Perhaps the most severe indication of a population near extinction is an extremely small effective 
16 
 
population size.  Populations such as 3 mile creek, By-day creek, East Fork Carson, Marshall Canyon, 
Mohawk Creek, Murray Creek, Tierney Creek, and Washburn Creek all have effective population size 
estimates around ten individuals or less.  Such a small breeding pool creates a higher risk for inbreeding, 
and will certainly reduce the overall genetic variation over time.  Populations in this condition are at the 
highest risk for extirpation.   To properly conserve this species, special attention must be paid to these 
small isolated, populations. 
 While at risk populations were noted, some populations show high levels of genetic variation.  
These populations did not have statistically significant bottlenecks detected, and also had no significant 
FIS values.  Populations in the Mary’s River Basin were excellent examples of populations who exhibited 
healthy levels of heterozygosity.   Several lake populations such as Summit, Pyramid, and Independence 
lakes have relatively high effective populations sizes (60+), showing some positive signs of a healthy 
interbreeding population.  Line Creek and Gance Creek also have high effective population sizes, 
especially compared to the other stream populations.  While some populations are nearing extirpation, 
others still contain a healthy gene pool of diverse individuals.  This could be due to a larger habitat, 
healthier habitats, or some sort of connectivity where individuals may migrate between other 
populations.   
 The results indicate that the Humboldt River region has the healthiest overall populations of 
LCT.  While the divergence is clear, much more evidence would need to be suggested to truly determine 
if the Humboldt River populations have diverged enough for its own subspecies classification.  The 
Humboldt River region also contains the remaining interconnected river systems which exhibit meta-
population dynamics, and its populations exhibit a closely related structure.   
The overall genetic make-up of these various populations is a key component for recovery 
efforts.  Current DPS designations are clearly still valid as indicated by the STRUCTURE results, so the 
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basic overview for recovery is on track.  However, with the synergistic effects of unmonitored grazing, 
stream isolation, invasive species, and barriers causing fragmentation, special attention must be made 
to the most at risk populations before their unique genetic properties are completely lost.  The most 
important factor that would bolster the chances of the smallest populations and others is increasing the 
potential for geographic connectivity between groups of fish.  Completing these migratory corridors will 
allow for more genetic diversity to be shared among adjacent populations, in turn making both 
populations more genetically stable.  With current water conditions in the Great Basin, it is difficult to 
imagine making habitats larger, however allowing for connectivity would have a similar effect.  Recent 
success stories with the trout can only be bolstered by adding to our knowledge of the genetics at play.  

















List of Tables 
Table 1.  Genetic Variation per locus per population; N = number of individuals genotyped, A = 
number of alleles, Rs = allelic richness (number of alleles corrected for sample size), He = 
expected heteozygosity, Ho = observed heterozygosity, Fis = inbreeding coefficient.    
A. Western DPS 
  TRUCKEE RIVER    
  BET INL MACK PYR PILOT 
 N 23 23 24 23 24 
OCH 5 A 4 10 4 10 4 
 Rs 2.922 4.106 2.635 4.305 2.678 
 He 0.6550523 0.83285 0.626773 0.8615222 0.596631 
 Ho 0.7142857 0.826087 0.625 0.77272727 0.541667 
 Fis -0.093 0.008 0.003 0.105 0.094 
       
OCH 6 A 3 5 3 4 3 
 Rs 2.704 2.943 2.523 2.372 2.382 
 He 0.6570048 0.6657 0.613475 0.48599034 0.525709 
 Ho 0.7826087 0.565217 0.708333 0.43478261 0.541667 
 Fis -0.196 0.154 -0.159 0.108 -0.031 
       
OCH 9 A 2 2 2 3 3 
 Rs 1.349 1.936 1.926 2.579 2.137 
 He 0.1246377 0.463768 0.453901 0.6141649 0.414007 
 Ho 0.0434783 0.521739 0.583333 0.45454545 0.333333 
 Fis 0.656 -0.128 -0.293 0.264 0.198 
       
OCH 13 A 3 8 5 10 3 
 Rs 2.755 3.578 2.382 4.379 2.691 
 He 0.6723044 0.754589 0.454787 0.86666667 0.653369 
 Ho 0.9090909 0.695652 0.416667 0.95652174 0.625 
 Fis -0.364 0.08 0.085 -0.106 0.044 
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OCH 14 A 3 12 6 11 4 
 Rs 2.616 4.712 3.567 4.038 2.815 
 He 0.6270531 0.901449 0.779255 0.81932367 0.667553 
 Ho 0.4347826 0.826087 0.625 0.82608696 0.791667 
 Fis 0.311 0.085 0.201 -0.008 -0.191 
       
OCH 15 A 4 11 6 11 4 
 Rs 2.341 4.282 2.598 4.467 2.448 
 He 0.5710145 0.848309 0.529255 0.87246377 0.499113 
 Ho 0.7826087 0.695652 0.541667 0.91304348 0.458333 
 Fis -0.382 0.183 -0.024 -0.048 0.083 
       
OCH 16 A 3 5 5 8 2 
 Rs 1.836 2.76 3.367 3.778 1.775 
 He 0.3294686 0.588406 0.735816 0.79710145 0.336879 
 Ho 0.3478261 0.652174 0.583333 0.7826087 0.333333 
 Fis -0.057 -0.111 0.211 0.019 0.011 
       
OCH 17 A 2 7 7 10 3 
 Rs 1.349 3.827 3.784 4.413 1.759 
 He 0.1246377 0.80444 0.800211 0.86892178 0.289894 
 Ho 0.0434783 0.909091 0.909091 0.81818182 0.333333 
 Fis 0.656 -0.134 -0.14 0.06 -0.154 
       
OCH 18 A 4 12 6 10 5 
 Rs 2.681 4.289 3.491 4.244 3.165 
 He 0.5671498 0.843552 0.761353 0.85306554 0.711879 
 Ho 0.5652174 0.863636 0.782609 0.68181818 0.708333 
 Fis 0.003 -0.024 -0.029 0.205 0.005 
       
OCH 21 A 2 4 2 2 2 
 Rs 1.936 2.834 1.841 1.13 1.841 
 He 0.4637681 0.642512 0.382979 0.04347826 0.382979 
 Ho 0.6086957 0.652174 0.5 0.04347826 0.416667 
 Fis -0.322 -0.015 -0.314 0 -0.09 
       
OCH 24 A 3 6 3 6 4 
 Rs 1.836 3.512 1.698 2.801 2.445 
 He 0.3294686 0.750725 0.259752 0.59227053 0.516844 
 Ho 0.3913043 0.782609 0.25 0.60869565 0.583333 
 Fis -0.193 -0.043 0.038 -0.028 -0.132 
       
20 
 
OCH 27 A 4 9 4 14 6 
 Rs 2.992 4.236 2.957 4.594 3.521 
 He 0.7082126 0.842105 0.675641 0.8858351 0.763214 
 Ho 0.7391304 0.421053 0.55 0.86363636 0.863636 
 Fis -0.045 0.507 0.19 0.026 -0.135 
       
OCH 28 A 3 6 3 8 5 
 Rs 2.31 3.679 2.297 4.038 2.529 
 He 0.5652174 0.796135 0.489331 0.83042973 0.570825 
 Ho 0.5217391 0.869565 0.631579 0.9047619 0.5 
 Fis 0.079 -0.095 -0.301 -0.092 0.127 
       
OCH 29 A 4 7 2 6 5 
 Rs 2.841 3.752 1.978 2.771 3.318 
 He 0.6608696 0.794203 0.510638 0.60289855 0.742908 
 Ho 0.6086957 0.826087 0.5 0.60869565 0.875 
 Fis 0.081 -0.041 0.021 -0.01 -0.182 
       
OCH 30 A 3 15 8 10 3 
 Rs 2.417 5.097 3.648 4.129 2.161 
 He 0.5909091 0.933333 0.784574 0.83381643 0.507092 
 Ho 0.5909091 0.913043 0.833333 0.73913043 0.416667 
 Fis 0 0.022 -0.064 0.116 0.181 
       
OCH 31 A 3 5 2 7 5 
 Rs 2.547 2.486 1.887 3.764 3.233 
 He 0.6079365 0.593023 0.418118 0.79516908 0.722518 
 Ho 0.6666667 0.363636 0.380952 0.43478261 0.208333 
 Fis -0.1 0.392 0.091 0.459 0.716 
       
OCH 32 A 3 6 3 8 3 
 Rs 2.31 3.708 2.306 3.886 2.034 
 He 0.5652174 0.801268 0.486702 0.8115942 0.467199 
 Ho 0.5217391 0.818182 0.541667 0.91304348 0.5 
 Fis 0.079 -0.022 -0.116 -0.128 -0.072 
       
OCH 34 A 4 6 4 6 3 
 Rs 2.516 3.212 3.117 3.055 2.753 
 He 0.5602537 0.703833 0.722222 0.64444444 0.672464 
 Ho 0.4545455 0.761905 0.5 0.73913043 0.869565 
 Fis 0.192 -0.085 0.314 -0.151 -0.302 
       
       
21 
 
       
 Average Ho 0.511937 0.682294 0.550661 0.65766689 0.521046 
       
       
     
 
 CARSON RIVER   
  EFC MAR MUR 
 N 22 9 15 
OCH 5 A 5 2 3 
 Rs 2.338 1.569 1.902 
 He 0.453488 0.20915 0.342529 
 Ho 0.409091 0.222222 0.333333 
 Fis 0.1 -0.067 0.028 
     
OCH 6 A 4 1 4 
 Rs 2.236 1 2.674 
 He 0.480973 0 0.590805 
 Ho 0.5 0 0.666667 
 Fis -0.041     NA -0.134 
     
OCH 9 A 2 2 3 
 Rs 1.789 1.975 2.462 
 He 0.344948 0.503268 0.6 
 Ho 0.238095 0.111111 0.4 
 Fis 0.315 0.789 0.341 
     
OCH 13 A 5 2 5 
 Rs 2.254 1.333 3.412 
 He 0.445032 0.111111 0.751724 
 Ho 0.272727 0.111111 0.733333 
 Fis 0.393 0 0.025 
     
OCH 14 A 3 2 8 
 Rs 2.485 1.333 4.081 
 He 0.60148 0.111111 0.832184 
 Ho 0.681818 0.111111 0.933333 
 Fis -0.137 0 -0.126 
     
OCH 15 A 6 3 4 
 Rs 3.046 2.407 1.901 
22 
 
 He 0.641649 0.522876 0.303448 
 Ho 0.727273 0.666667 0.266667 
 Fis -0.137 -0.297 0.125 
     
OCH 16 A 4 1 3 
 Rs 2.521 1 1.812 
 He 0.545455 0 0.296552 
 Ho 0.545455 0 0.266667 
 Fis 0     NA 0.104 
     
OCH 17 A 6 2 3 
 Rs 3.487 1.569 1.4 
 He 0.766385 0.20915 0.131034 
 Ho 0.863636 0.222222 0.133333 
 Fis -0.13 -0.067 -0.018 
     
OCH 18 A 9 2 6 
 Rs 4.175 1.73 3.092 
 He 0.84778 0.294118 0.666667 
 Ho 0.954545 0.333333 0.733333 
 Fis -0.129 -0.143 -0.104 
     
OCH 21 A 3 1 3 
 Rs 2.206 1 2.273 
 He 0.478858 0 0.521839 
 Ho 0.454545 0 0.6 
 Fis 0.052     NA -0.156 
     
OCH 24 A 4 1 4 
 Rs 2.469 1 2.677 
 He 0.52537 0 0.627586 
 Ho 0.545455 0 0.466667 
 Fis -0.039     NA 0.263 
     
OCH 27 A 7 1 4 
 Rs 3.921 1 4.109 
 He 0.817125 0 0.835979 
 Ho 0.545455 0 0.357143 
 Fis 0.338     NA 0.582 
     
OCH 28 A 6 2 4 
 Rs 3.377 1.692 2.097 
 He 0.74359 0.263736 0.358621 
23 
 
 Ho 0.75 0.285714 0.333333 
 Fis -0.009 -0.091 0.073 
     
OCH 29 A 4 1 4 
 Rs 1.885 1 2.473 
 He 0.300813 0 0.563218 
 Ho 0.285714 0 0.533333 
 Fis 0.051     NA 0.055 
     
OCH 30 A 6 3 4 
 Rs 3.864 2.694 2.902 
 He 0.816068 0.660131 0.632275 
 Ho 0.863636 0.555556 0.571429 
 Fis -0.06 0.167 0.1 
     
OCH 31 A 6 3 5 
 Rs 3.518 2.566 3.311 
 He 0.753846 0.608333 0.742754 
 Ho 0.6 0.875 0.666667 
 Fis 0.208 -0.485 0.107 
     
OCH 32 A 6 2 4 
 Rs 3.377 1.569 2.097 
 He 0.74359 0.20915 0.358621 
 Ho 0.75 0.222222 0.333333 
 Fis -0.009 -0.067 0.073 
     
OCH 34 A 6 2 4 
 Rs 3.17 1.333 3.121 
 He 0.678281 0.111111 0.706349 
 Ho 0.666667 0.111111 0.785714 
 Fis 0.018 0 -0.117 
     
     
     
 Average Ho 0.560743 0.201441 0.479699 
 
 WALKER RIVER  
  Byday SLC 
 N 24 23 
OCH 5 A 2 3 
24 
 
 Rs 1.827 2.711 
 He 0.371661 0.656039 
 Ho 0.47619 0.695652 
 Fis -0.29 -0.062 
    
OCH 6 A 2 2 
 Rs 1.979 1.966 
 He 0.511628 0.495652 
 Ho 0.545 0.478 
 Fis -0.068 0.036 
    
OCH 9 A 2 2 
 Rs 1.926 1.792 
 He 0.453901 0.347826 
 Ho 0.5 0.348 
 Fis -0.104 0 
    
OCH 13 A 2 2 
 Rs 1.503 1.958 
 He 0.190603 0.486957 
 Ho 0.208 0.609 
 Fis -0.095 -0.257 
    
OCH 14 A 3 4 
 Rs 2.283 2.341 
 He 0.550532 0.571014 
 Ho 0.542 0.522 
 Fis 0.016 0.088 
    
OCH 15 A 2 2 
 Rs 1.538 1.77 
 He 0.206131 0.332981 
 Ho 0.227 0.318 
 Fis -0.105 0.045 
    
OCH 16 A 1 1 
 Rs 1 1 
 He 0 0 
 Ho 0 0 
 Fis NA NA 
    
OCH 17 A 2 2 
 Rs 1.978 1.705 
25 
 
 He 0.510638 0.29372 
 Ho 0.75 0.261 
 Fis -0.484 0.114 
    
OCH 18 A 2 4 
 Rs 1.915 2.565 
 He 0.443975 0.578744 
 Ho 0.182 0.391 
 Fis 0.596 0.329 
    
OCH 21 A 2 2 
 Rs 1.95 1.958 
 He 0.478723 0.486957 
 Ho 0.5 0.435 
 Fis -0.045 0.109 
    
OCH 24 A 1 1 
 Rs 1 1 
 He 0 0 
 Ho 0 0 
 Fis NA NA 
    
OCH 27 A 4 4 
 Rs 2.36 3.114 
 He 0.57611 0.710145 
 Ho 0.455 0.696 
 Fis 0.215 0.021 
    
OCH 28 A 1 1 
 Rs 1 1 
 He 0 0 
 Ho 0 0 
 Fis NA NA 
    
OCH 29 A 2 2 
 Rs 1.89 1.827 
 He 0.421986 0.371981 
 Ho 0.417 0.391 
 Fis 0.013 -0.053 
    
OCH 30 A 2 2 
 Rs 1.336 1.246 
 He 0.119681 0.085024 
26 
 
 Ho 0.125 0.087 
 Fis -0.045 -0.023 
    
OCH 31 A 2 2 
 Rs 1.95 1.52 
 He 0.477952 0.198068 
 Ho 0.526 0.043 
 Fis -0.104 0.784 
    
OCH 32 A 1 1 
 Rs 1 1 
 He 0 0 
 Ho 0 0 
 Fis NA NA 
    
OCH 34 A 2 4 
 Rs 1.336 1.966 
 He 0.119681 0.364251 
 Ho 0.125 0.304 
 Fis -0.045 0.168 
    
    
    
 Average Ho 0.293589 0.293613 
    
    
 
B. Eastern DPS (Humboldt) 
 MARY'S RIVER    
  EMR MRBC Tcreek WMR 
OCH 5 N 24 23 21 24 
 A 7 10 7 9 
 Rs 3.406 4.586 4.064 4.11 
 He 0.738475 0.891121 0.839721 0.843085 
 Ho 0.708333 0.863636 0.857143 0.583333 
 Fis 0.042 0.032 -0.021 0.313 
      
OCH 6 A 8 6 6 5 
 Rs 3.949 3.597 3.745 3.345 
 He 0.820922 0.786473 0.797909 0.746454 
27 
 
 Ho 0.791667 0.869565 0.857143 0.625 
 Fis 0.036 -0.108 -0.076 0.166 
      
OCH 9 A 2 2 2 3 
 Rs 1.966 1.956 1.893 2.576 
 He 0.496454 0.485201 0.422475 0.597252 
 Ho 0.583333 0.5 0.368421 0.590909 
 Fis -0.179 -0.031 0.131 0.011 
      
OCH 13 A 8 9 6 9 
 Rs 4.282 4.358 3.238 4.026 
 He 0.859929 0.868922 0.717949 0.823582 
 Ho 0.666667 0.590909 0.5 0.833333 
 Fis 0.229 0.325 0.309 -0.012 
      
OCH 14 A 8 9 8 9 
 Rs 4.25 4.13 4.087 4.265 
 He 0.859929 0.839323 0.835075 0.852837 
 Ho 0.916667 0.727273 0.809524 0.833333 
 Fis -0.068 0.136 0.031 0.023 
      
OCH 15 A 10 11 8 9 
 Rs 4.464 4.555 4.471 4.618 
 He 0.874113 0.882664 0.88057 0.89539 
 Ho 0.75 0.590909 0.764706 0.75 
 Fis 0.145 0.336 0.135 0.165 
      
OCH 16 A 8 7 6 10 
 Rs 3.843 3.87 3.598 3.869 
 He 0.80444 0.801932 0.775842 0.792553 
 Ho 0.909091 0.869565 0.714286 0.833333 
 Fis -0.134 -0.086 0.081 -0.053 
      
OCH 17 A 8 8 9 7 
 Rs 3.593 3.454 4.181 3.378 
 He 0.762319 0.755556 0.848718 0.737589 
 Ho 0.869565 0.695652 0.9 0.666667 
 Fis -0.144 0.081 -0.062 0.098 
      
OCH 18 A 9 9 9 10 
 Rs 4.487 4.127 4.102 4.465 
 He 0.878436 0.836237 0.832051 0.876773 
 Ho 0.636364 0.619048 0.75 0.625 
28 
 
 Fis 0.28 0.264 0.101 0.292 
      
OCH 21 A 3 5 4 4 
 Rs 2.743 2.966 2.977 2.573 
 He 0.669326 0.681159 0.698718 0.544326 
 Ho 0.666667 0.565217 0.8 0.541667 
 Fis 0.004 0.173 -0.149 0.005 
      
OCH 24 A 8 8 9 10 
 Rs 3.324 3.565 4.298 4.295 
 He 0.701449 0.771981 0.861789 0.856383 
 Ho 0.826087 0.782609 0.952381 0.75 
 Fis -0.182 -0.014 -0.108 0.127 
      
OCH 27 A 12 12 10 16 
 Rs 4.351 4.715 4.107 4.907 
 He 0.85195 0.899517 0.825784 0.911348 
 Ho 0.75 0.913043 0.714286 0.833333 
 Fis 0.122 -0.015 0.138 0.087 
      
OCH 28 A 5 6 4 4 
 Rs 3.166 3.297 3.272 2.963 
 He 0.690603 0.711111 0.746806 0.696617 
 Ho 0.541667 0.826087 0.857143 0.454545 
 Fis 0.219 -0.166 -0.152 0.353 
      
OCH 29 A 5 5 7 9 
 Rs 3.246 3.386 3.123 3.916 
 He 0.733156 0.751586 0.696864 0.806738 
 Ho 0.583333 0.590909 0.666667 0.75 
 Fis 0.208 0.218 0.044 0.072 
      
OCH 30 A 9 14 11 9 
 Rs 3.741 4.866 4.158 3.831 
 He 0.769082 0.914376 0.834615 0.789894 
 Ho 0.73913 0.863636 0.8 0.75 
 Fis 0.04 0.057 0.043 0.052 
      
OCH 31 A 6 7 4 6 
 Rs 3.273 3.372 2.568 2.799 
 He 0.718085 0.709179 0.547038 0.615459 
 Ho 0.541667 0.521739 0.52381 0.565217 
 Fis 0.25 0.269 0.043 0.083 
29 
 
      
OCH 32 A 5 6 4 4 
 Rs 3.166 3.363 3.272 3.015 
 He 0.690603 0.72657 0.746806 0.701241 
 Ho 0.541667 0.869565 0.857143 0.5 
 Fis 0.219 -0.202 -0.152 0.291 
      
OCH 34 A 7 7 8 8 
 Rs 3.386 3.888 4.068 4.028 
 He 0.720773 0.813527 0.835075 0.822222 
 Ho 0.565217 0.565217 0.714286 0.695652 
 Fis 0.22 0.31 0.148 0.157 
      
      
 Average Ho 0.717897 0.743497 0.723358 0.732092 
 
  ROCK SFLH  
  FRC ABEL INC 
OCH 5 N 45 24 24 
 A 5 4 6 
 Rs 2.578 2.492 3.435 
 He 0.596206 0.537234 0.733156 
 Ho 0.609756 0.458333 0.791667 
 Fis -0.023 0.15 -0.082 
     
OCH 6 A 4 2 3 
 Rs 2.125 1.926 1.55 
 He 0.455586 0.453901 0.194149 
 Ho 0.439024 0.166667 0.208333 
 Fis 0.037 0.638 -0.075 
     
OCH 9 A 2 2 3 
 Rs 1.966 1.652 2.473 
 He 0.496629 0.263768 0.562943 
 Ho 0.377778 0.304348 0.541667 
 Fis 0.241 -0.158 0.039 
     
OCH 13 A 7 2 8 
 Rs 2.835 1.95 3.985 
 He 0.649688 0.478723 0.829787 
 Ho 0.666667 0.5 0.75 
30 
 
 Fis -0.026 -0.045 0.098 
     
OCH 14 A 7 3 6 
 Rs 3.721 2.098 3.454 
 He 0.791261 0.529255 0.755319 
 Ho 0.644444 0.416667 0.833333 
 Fis 0.187 0.216 -0.106 
     
OCH 15 A 5 4 5 
 Rs 3.334 2.746 3.024 
 He 0.732085 0.64805 0.701241 
 Ho 0.8 0.666667 0.666667 
 Fis -0.094 -0.029 0.05 
     
OCH 16 A 5 4 3 
 Rs 2.468 1.698 1.9 
 He 0.497628 0.233156 0.369681 
 Ho 0.511111 0.208333 0.375 
 Fis -0.027 0.109 -0.015 
     
OCH 17 A 9 1 6 
 Rs 3.679 1 2.486 
 He 0.788265 0 0.51773 
 Ho 0.733333 0 0.583333 
 Fis 0.07     NA -0.13 
     
OCH 18 A 7 4 8 
 Rs 3.339 2.507 3.285 
 He 0.714243 0.603723 0.698582 
 Ho 0.658537 0.583333 0.541667 
 Fis 0.079 0.034 0.228 
     
OCH 21 A 5 1 4 
 Rs 3.129 1 3.207 
 He 0.695212 0 0.734043 
 Ho 0.744186 0 0.791667 
 Fis -0.071     NA -0.08 
     
OCH 24 A 7 2 4 
 Rs 3.466 1.752 3.044 
 He 0.758052 0.321739 0.679965 
 Ho 0.755556 0.304348 0.666667 
 Fis 0.003 0.055 0.02 
31 
 
     
OCH 27 A 8 4 7 
 Rs 3.501 2.262 3.7 
 He 0.754557 0.445035 0.794872 
 Ho 0.8 0.375 0.6 
 Fis -0.061 0.16 0.25 
     
OCH 28 A 6 1 2 
 Rs 3.22 1 1.882 
 He 0.705368 0 0.414493 
 Ho 0.377778 0 0.391304 
 Fis 0.467     NA 0.057 
     
OCH 29 A 6 3 5 
 Rs 3.285 1.362 2.487 
 He 0.741902 0.121454 0.495652 
 Ho 0.590909 0.125 0.565217 
 Fis 0.205 -0.03 -0.144 
     
OCH 30 A 11 5 6 
 Rs 4.222 2.782 3.806 
 He 0.845194 0.643617 0.812057 
 Ho 0.911111 0.5 0.625 
 Fis -0.079 0.227 0.234 
     
OCH 31 A 10 1 2 
 Rs 4.173 1 1.965 
 He 0.839161 0 0.494715 
 Ho 0.393939 0 0 
 Fis 0.534     NA 1 
     
OCH 32 A 6 4 2 
 Rs 3.22 1 1.868 
 He 0.705368 0 0.403369 
 Ho 0.377778 0 0.375 
 Fis 0.467     NA 0.072 
     
OCH 34 A 8 6 5 
 Rs 4.073 2.606 3.222 
 He 0.837453 0.58744 0.724638 
 Ho 0.6 0.608696 0.782609 
 Fis 0.286 -0.037 -0.082 
     
32 
 
     
 Average Ho 0.663361 0.308795 0.574547 
 
  NFH   
  FOR GAN NFH 
OCH 5 N 24 24 23 
 A 11 9 11 
 Rs 4.42 4.457 4.555 
 He 0.863768 0.875887 0.88599 
 Ho 0.869565 0.916667 0.956522 
 Fis -0.007 -0.048 -0.082 
     
OCH 6 A 5 6 6 
 Rs 2.928 3.649 3.518 
 He 0.68883 0.785412 0.755814 
 Ho 0.583333 0.772727 0.727273 
 Fis 0.156 0.017 0.039 
     
OCH 9 A 2 2 2 
 Rs 1.971 1.939 1.882 
 He 0.50266 0.467199 0.414493 
 Ho 0.541667 0.541667 0.391304 
 Fis -0.079 -0.163 0.057 
     
OCH 13 A 6 9 11 
 Rs 3.246 4.26 4.283 
 He 0.717199 0.856383 0.857005 
 Ho 0.583333 0.833333 0.826087 
 Fis 0.19 0.027 0.037 
     
OCH 14 A 10 9 9 
 Rs 4.503 4.044 4.163 
 He 0.876773 0.824468 0.839614 
 Ho 0.833333 0.833333 0.913043 
 Fis 0.051 -0.011 -0.09 
     
OCH 15 A 9 10 14 
 Rs 4.067 3.754 5.024 
 He 0.828014 0.780142 0.92657 
 Ho 0.75 0.833333 0.956522 
 Fis 0.096 -0.07 -0.033 
33 
 
     
OCH 16 A 8 7 8 
 Rs 3.226 3.78 3.62 
 He 0.697695 0.803191 0.773913 
 Ho 0.583333 0.791667 0.869565 
 Fis 0.167 0.015 -0.127 
     
OCH 17 A 8 9 11 
 Rs 4.131 3.91 4.423 
 He 0.846631 0.803191 0.870531 
 Ho 0.791667 0.833333 0.695652 
 Fis 0.066 -0.038 0.205 
     
OCH 18 A 10 12 13 
 Rs 4.176 4.404 4.425 
 He 0.844858 0.860816 0.862802 
 Ho 0.875 0.625 0.652174 
 Fis -0.036 0.278 0.248 
     
OCH 21 A 4 6 3 
 Rs 2.691 3.46 3.004 
 He 0.640957 0.757092 0.64058 
 Ho 0.5 0.708333 0.695652 
 Fis 0.224 0.066 -0.088 
     
OCH 24 A 9 7 9 
 Rs 4.271 3.529 4.446 
 He 0.85727 0.76773 0.87343 
 Ho 0.875 0.708333 0.913043 
 Fis -0.021 0.079 -0.046 
     
OCH 27 A 11 9 9 
 Rs 4.37 4.299 4.723 
 He 0.862802 0.862821 0.903226 
 Ho 0.826087 0.4 0.6875 
 Fis 0.043 0.543 0.245 
     
OCH 28 A 4 5 4 
 Rs 2.893 3.579 2.412 
 He 0.678521 0.775709 0.447343 
 Ho 0.842105 0.833333 0.347826 
 Fis -0.249 -0.076 0.226 
     
34 
 
OCH 29 A 7 9 6 
 Rs 3.547 4.117 3.928 
 He 0.737179 0.836879 0.817391 
 Ho 0.7 0.875 0.782609 
 Fis 0.052 -0.047 0.043 
     
OCH 30 A 9 9 7 
 Rs 3.587 4.119 4.284 
 He 0.778369 0.838652 0.850951 
 Ho 0.875 0.416667 0.590909 
 Fis -0.127 0.509 0.311 
     
OCH 31 A 7 7 3 
 Rs 3.11 2.93 2.714 
 He 0.702671 0.591312 0.615459 
 Ho 0.619048 0.5 0.608696 
 Fis 0.122 0.157 0.011 
     
OCH 32 A 4 5 4 
 Rs 2.897 3.579 2.412 
 He 0.681818 0.775709 0.447343 
 Ho 0.818182 0.833333 0.347826 
 Fis -0.206 -0.076 0.226 
     
OCH 34 A 6 9 5 
 Rs 3.194 3.621 3.958 
 He 0.712474 0.77039 0.827053 
 Ho 0.727273 0.583333 0.73913 
 Fis -0.021 0.247 0.108 
     
     
 Average 
Ho 
0.711499 0.738578 0.71629 
 
  MAGGIE CREEK  REESE RIVER 
  LIJ COY BEAV TIC MHK 
 N 16 16 16 24 22 
OCH 5 A 4 8 7 2 2 
 Rs 2.907 3.744 4.14 1.634 1.77 
 He 0.6875 0.758065 0.846774 0.254433 0.332981 
 Ho 0.6875 0.6875 0.9375 0.291667 0.136364 
 Fis 0 0.096 -0.111 -0.15 0.596 
35 
 
       
OCH 6 A 3 4 4 3 1 
 Rs 2.655 3.205 2.405 1.628 1 
 He 0.637097 0.729839 0.469758 0.227837 0 
 Ho 0.5 0.75 0.4375 0.25 0 
 Fis 0.221 -0.029 0.071 -0.1     NA 
       
OCH 9 A 2 2 2 4 1 
 Rs 1.976 1.908 1.968 1.95 1 
 He 0.508065 0.434483 0.497984 0.344872 0 
 Ho 0.5 0.333333 0.4375 0.4 0 
 Fis 0.016 0.239 0.125 -0.165     NA 
       
OCH 13 A 5 8 8 1 3 
 Rs 3.454 4.332 4.302 1 1.906 
 He 0.766129 0.868952 0.864919 0 0.368922 
 Ho 0.6875 0.8125 1 0 0.409091 
 Fis 0.106 0.067 -0.162     NA -0.112 
       
OCH 14 A 6 7 7 1 2 
 Rs 3.792 4.26 3.629 1 1.136 
 He 0.810484 0.860887 0.778226 0 0.045455 
 Ho 0.625 0.9375 0.9375 0 0.045455 
 Fis 0.235 -0.092 -0.213     NA 0 
       
OCH 15 A 7 10 9 4 1 
 Rs 4.06 4.664 3.947 3.008 1 
 He 0.842742 0.899194 0.808468 0.696618 0 
 Ho 0.9375 0.9375 0.8125 0.521739 0 
 Fis -0.117 -0.044 -0.005 0.255     NA 
       
OCH 16 A 6 8 6 1 2 
 Rs 3.641 4.034 3.813 1 1.257 
 He 0.784274 0.827586 0.810484 0 0.088795 
 Ho 0.75 0.866667 0.8125 0 0.090909 
 Fis 0.045 -0.049 -0.003     NA -0.024 
       
OCH 17 A 5 7 6 3 2 
 Rs 2.886 4.201 3.095 1.987 1.971 
 He 0.665323 0.854839 0.65121 0.426087 0.502114 
 Ho 0.5625 0.9375 0.5 0.478261 0.318182 
 Fis 0.159 -0.1 0.238 -0.126 0.372 
       
36 
 
OCH 18 A 5 12 5 3 2 
 Rs 3.466 4.347 2.484 1.273 1.363 
 He 0.758065 0.84879 0.475806 0.089852 0.130021 
 Ho 0.75 0.875 0.5 0.090909 0.136364 
 Fis 0.011 -0.032 -0.053 -0.012 -0.05 
       
OCH 21 A 3 4 5 2 1 
 Rs 2.732 2.409 3.036 1.503 1 
 He 0.667339 0.497984 0.691532 0.190603 0 
 Ho 0.625 0.4375 0.5625 0.125 0 
 Fis 0.065 0.125 0.192 0.349     NA 
       
OCH 24 A 7 8 8 3 2 
 Rs 3.698 3.924 3.86 2.204 1.809 
 He 0.788306 0.814516 0.800403 0.546986 0.359408 
 Ho 0.5 0.8125 0.6875 0.416667 0.181818 
 Fis 0.373 0.003 0.145 0.242 0.5 
       
OCH 27 A 6 10 13 3 1 
 Rs 3.764 4.405 4.995 2.511 1 
 He 0.808468 0.862903 0.925403 0.57611 0 
 Ho 0.875 0.8125 0.875 0.409091 0 
 Fis -0.085 0.06 0.056 0.295     NA 
       
OCH 28 A 4 4 7 4 2 
 Rs 2.966 3.001 3.792 2.706 1.976 
 He 0.683468 0.699597 0.800403 0.637411 0.508065 
 Ho 0.8125 0.6875 0.6875 0.583333 0.375 
 Fis -0.196 0.018 0.145 0.087 0.268 
       
OCH 29 A 5 6 7 2 2 
 Rs 3.026 3.68 3.874 1.573 1.136 
 He 0.647177 0.795402 0.810484 0.223404 0.045455 
 Ho 0.5625 0.533333 0.75 0.166667 0.045455 
 Fis 0.135 0.337 0.077 0.258 0 
       
OCH 30 A 6 9 10 4 1 
 Rs 3.884 4.089 4.426 2.956 1 
 He 0.822581 0.832661 0.872984 0.659903 0 
 Ho 0.875 0.9375 0.9375 0.695652 0 
 Fis -0.066 -0.131 -0.077 -0.055     NA 
       
OCH 31 A 7 6 5 2 3 
37 
 
 Rs 3.693 3.001 3.372 1.775 1.286 
 He 0.794355 0.679435 0.743952 0.336879 0.094077 
 Ho 0.25 0.5625 0.625 0.25 0.095238 
 Fis 0.692 0.177 0.164 0.262 -0.013 
       
OCH 32 A 4 5 6 4 3 
 Rs 3.109 3.212 3.52 2.706 2.092 
 He 0.715726 0.731855 0.772177 0.637411 0.512685 
 Ho 0.875 0.6875 0.5 0.583333 0.454545 
 Fis -0.232 0.063 0.36 0.087 0.116 
       
OCH 34 A 6 9 10 3 3 
 Rs 3.847 4.17 4.522 2.174 2.412 
 He 0.8125 0.84879 0.875862 0.518617 0.577236 
 Ho 0.875 0.75 0.533333 0.583333 0.52381 
 Fis -0.08 0.12 0.399 -0.128 0.095 
      
       
 Average 
Ho 
0.694716 0.728725 0.710359 0.335107 0.187643 
 
C. Northwestern DPS 
 QUINN RIVER    
  SUM WAC LINE 3ML 
OCH 5  N 23 22 13 24 
OCH 5 A 8 3 6 2 
 Rs 4.037 2.33 4.08 1.971 
 He 0.825784 0.573996 0.846154 0.502114 
 Ho 0.809524 0.5 0.923077 0.590909 
 Fis 0.02 0.132 -0.095 -0.182 
      
OCH 6 A 3 3 5 4 
 Rs 2.485 1.745 3.634 2.043 
 He 0.60148 0.280127 0.790769 0.403805 
 Ho 0.545455 0.318182 0.769231 0.409091 
 Fis 0.095 -0.14 0.028 -0.013 
      
OCH 9 A 5 2 2 2 
 Rs 2.593 1.955 1.919 1.868 
 He 0.540097 0.483159 0.443077 0.403369 
38 
 
 Ho 0.217391 0.380952 0.461538 0.458333 
 Fis 0.603 0.216 -0.043 -0.14 
      
OCH 13 A 9 2 6 3 
 Rs 4.542 1.691 3.295 1.907 
 He 0.883077 0.284553 0.686154 0.335385 
 Ho 0.461538 0.142857 0.692308 0.384615 
 Fis 0.488 0.504 -0.009 -0.154 
      
OCH 14 A 8 3 7 3 
 Rs 3.184 2.18 4.097 2.633 
 He 0.655072 0.439746 0.84 0.630319 
 Ho 0.73913 0.545455 0.769231 0.583333 
 Fis -0.132 -0.248 0.087 0.076 
      
OCH 15 A 8 5 6 3 
 Rs 3.753 3.196 3.824 2.174 
 He 0.772358 0.729384 0.8 0.518617 
 Ho 0.666667 0.761905 0.846154 0.541667 
 Fis 0.14 -0.046 -0.06 -0.045 
      
OCH 16 A 3 3 4 4 
 Rs 2.105 1.393 2.807 1.859 
 He 0.532367 0.132135 0.618462 0.344858 
 Ho 0.608696 0.090909 0.307692 0.333333 
 Fis -0.147 0.317 0.513 0.034 
      
OCH 17 A 5 2 6 3 
 Rs 2.543 1.15 3.469 2.291 
 He 0.505226 0.05 0.756923 0.513298 
 Ho 0.142857 0.05 0.769231 0.458333 
 Fis 0.722 0 -0.017 0.109 
      
OCH 18 A 8 3 8 4 
 Rs 4.293 2.394 4.135 2.667 
 He 0.863636 0.519027 0.84 0.633333 
 Ho 0.772727 0.636364 0.769231 0.35 
 Fis 0.108 -0.233 0.087 0.454 
      
OCH 21 A 2 2 3 1 
 Rs 1.13 1.77 2.393 1 
 He 0.043478 0.332981 0.526154 0 
 Ho 0.043478 0.318182 0.384615 0 
39 
 
 Fis 0 0.045 0.277     NA 
      
OCH 24 A 7 1 3 1 
 Rs 3.336 1 1.995 1 
 He 0.737844 0 0.384615 0 
 Ho 0.681818 0 0.384615 0 
 Fis 0.078     NA 0     NA 
      
OCH 27 A 11 4 6 2 
 Rs 4.295 2.455 3.75 1.188 
 He 0.858351 0.579281 0.8 0.0625 
 Ho 0.863636 0.454545 0.923077 0.0625 
 Fis -0.006 0.219 -0.161 0 
      
OCH 28 A 8 3 2 2 
 Rs 4.296 2.486 1.964 1.965 
 He 0.861836 0.557491 0.492308 0.494715 
 Ho 0.826087 0.428571 0.615385 0.454545 
 Fis 0.042 0.236 -0.263 0.083 
      
OCH 29 A 4 4 5 3 
 Rs 2.445 3.25 3.265 2.208 
 He 0.583575 0.739837 0.732308 0.442918 
 Ho 0.521739 0.666667 0.692308 0.5 
 Fis 0.108 0.101 0.057 -0.132 
      
OCH 30 A 8 4 6 1 
 Rs 3.733 2.831 3.257 1 
 He 0.795983 0.622622 0.683077 0 
 Ho 0.863636 0.727273 0.692308 0 
 Fis -0.087 -0.173 -0.014 NA 
      
OCH 31 A 8 5 4 2 
 Rs 3.94 3.116 3.145 1.612 
 He 0.808696 0.684088 0.729231 0.23908 
 Ho 0.869565 0.714286 0.384615 0 
 Fis -0.077 -0.045 0.483 1 
      
OCH 32 A 8 3 2 2 
 Rs 4.315 2.447 1.964 1.959 
 He 0.864734 0.541226 0.492308 0.488475 
 Ho 0.869565 0.409091 0.615385 0.458333 
 Fis -0.006 0.249 -0.263 0.063 
40 
 
      
OCH 34 A 6 2 3 3 
 Rs 3.166 1.915 2.18 1.812 
 He 0.704348 0.443975 0.44 0.318262 
 Ho 0.565217 0.636364 0.384615 0.208333 
 Fis 0.201 -0.448 0.13 0.35 
      
      
      
 Average 
Ho 
0.582565 0.409558 0.59919 0.304912 
      
      
 Region Average 0.474056   
 
 
COYOTE LAKES BASIN - WILLOW-WHITEHORSE REGION    
  wwh_cclw wwh_lwc wwh_lwf wwh_pplw wwh_uwh wwh_wc wwh_wcot 
 N 10 5 6 7 15 30 6 
OCH 5 A 3 2 4 3 4 3 3 
 Rs 2.711 2 3.333 2.833 2.814 2.58 2.273 
 He 0.652632 0.555556 0.733333 0.688889 0.642857 0.600816 0.439394 
 Ho 0.7 1 0.2 0.6 0.5 0.44 0.166667 
 Fis -0.077 -1 0.75 0.143 0.229 0.272 0.643 
         
OCH 6 A 2 2 1 1 4 3 3 
 Rs 1.793 1.967 1 1 2.267 2.514 2.741 
 He 0.336842 0.466667 0 0 0.443678 0.596531 0.666667 
 Ho 0.4 0.6 0 0 0.4 0.730769 0.833333 
 Fis -0.2 -0.333     NA     NA 0.102 -0.231 -0.282 
         
OCH 9 A 2 2 2 2 2 2 2 
 Rs 1.975 2 2 1.99 1.986 1.811 1.967 
 He 0.505263 0.535714 0.555556 0.527473 0.521739 0.360816 0.466667 
 Ho 0.6 0.25 0.6 0.285714 0.666667 0.125 0.6 
 Fis -0.2 0.571 -0.091 0.478 -0.294 0.658 -0.333 
         
OCH 13 A 2 2 2 2 6 7 4 
 Rs 2.694 2.8 3.788 3.084 3.077 3.101 3.045 
 He 0.660131 0.533333 0.818182 0.714286 0.648276 0.664972 0.651515 
41 
 
 Ho 1 0.6 1 1 0.6 0.366667 0.5 
 Fis -0.565 -0.143 -0.25 -0.448 0.077 0.453 0.25 
         
OCH 14 A 6 4 4 4 7 7 3 
 Rs 3.932 3.333 2.8 2.838 3.483 3.163 2.491 
 He 0.821053 0.733333 0.533333 0.67033 0.721839 0.669492 0.621212 
 Ho 1 0.8 0.6 1 0.533333 0.7 0.333333 
 Fis -0.233 -0.103 -0.143 -0.556 0.268 -0.046 0.487 
         
OCH 15 A 7 3 5 5 7 10 5 
 Rs 4.055 2.857 3.712 3.213 3.908 4.25 3.674 
 He 0.836842 0.711111 0.80303 0.703297 0.82069 0.852542 0.787879 
 Ho 0.9 0.6 0.666667 0.857143 0.8 0.766667 1 
 Fis -0.08 0.172 0.184 -0.241 0.026 0.102 -0.304 
         
OCH 16 A 2 2 2 2 3 3 3 
 Rs 1.922 1.995 1.998 1.972 2.108 2.014 2.47 
 He 0.442105 0.533333 0.545455 0.494505 0.48046 0.367797 0.590909 
 Ho 0.6 0.4 0.666667 0.142857 0.466667 0.3 0.5 
 Fis -0.385 0.273 -0.25 0.727 0.03 0.187 0.167 
         
OCH 17 A 6 5 4 4 5 6 3 
 Rs 3.432 3.762 3.447 3.636 3.594 3.124 2.871 
 He 0.741667 0.8 0.772727 0.818182 0.786207 0.714689 0.712121 
 Ho 0.5 0.6 0.833333 0.666667 0.8 0.7 0.833333 
 Fis 0.341 0.273 -0.087 0.2 -0.018 0.021 -0.19 
         
OCH 18 A 6 2 3 5 8 11 7 
 Rs 4.227 1.6 2.741 3.715 4.534 4.649 4.515 
 He 0.863158 0.2 0.666667 0.802198 0.888889 0.894737 0.878788 
 Ho 0.6 0.2 0.5 1 0.928571 0.896552 0.833333 
 Fis 0.316 0 0.268 -0.273 -0.046 -0.002 0.057 
         
OCH 21 A 1 1 1 1 1 1 1 
 Rs 1 1 1 1 1 1 1 
 He 0 0 0 0 0 0 0 
 Ho 0 0 0 0 0 0 0 
 Fis NA NA NA NA NA NA NA 
         
OCH 24 A 2 3 3 3 2 3 3 
 Rs 1.922 2.733 2.741 2.275 1.366 1.858 3 
 He 0.442105 0.622222 0.666667 0.472527 0.128736 0.347662 0.733333 
 Ho 0.6 0.8 0.666667 0.428571 0.133333 0.269231 1 
42 
 
 Fis -0.385 -0.333 0 0.1 -0.037 0.229 -0.5 
         
OCH 27 A 7 4 6 5 8 11 4 
 Rs 4.215 3.5 4.288 3.674 4.424 4.111 2.969 
 He 0.849673 0.785714 0.863636 0.787879 0.875661 0.836158 0.681818 
 Ho 0.888889 1 0.666667 0.833333 0.928571 0.733333 1 
 Fis -0.049 -0.333 0.245 -0.064 -0.063 0.125 -0.538 
         
OCH 28 A 4 3 4 4 4 3 2 
 Rs 2.993 2.857 2.773 3.219 2.76 1.301 1.6 
 He 0.657895 0.711111 0.560606 0.747253 0.655172 0.101028 0.2 
 Ho 0.8 0.4 0.666667 0.571429 0.466667 0.103448 0.2 
 Fis -0.231 0.467 -0.212 0.25 0.295 -0.024 0 
         
OCH 29 A 3 5 4 4 4 6 4 
 Rs 2.474 4.167 2.773 3.049 2.574 3.266 3.181 
 He 0.542105 0.866667 0.560606 0.692308 0.577011 0.714124 0.712121 
 Ho 0.3 0.6 0.5 0.714286 0.6 0.8 1 
 Fis 0.46 0.333 0.118 -0.034 -0.041 -0.123 -0.463 
         
OCH 30 A 9 5 7 7 9 8 5 
 Rs 4.843 3.762 4.515 4.447 4.284 3.745 3.674 
 He 0.915033 0.8 0.878788 0.879121 0.85977 0.776165 0.787879 
 Ho 0.888889 0.6 1 1 0.933333 0.655172 0.833333 
 Fis 0.03 0.273 -0.154 -0.151 -0.089 0.158 -0.064 
         
OCH 31 A 3 4 3 3 4 2 2 
 Rs 2.601 3.464 2.75 2.833 2.751 1.976 1.909 
 He 0.615789 0.75 0.678571 0.688889 0.630435 0.508167 0.409091 
 Ho 0.8 0.25 0.5 0.4 0.583333 0.551724 0.166667 
 Fis -0.321 0.7 0.294 0.448 0.078 -0.087 0.615 
         
OCH 32 A 4 3 4 4 4 3 2 
 Rs 2.993 2.857 2.773 3.219 2.76 1.292 1.5 
 He 0.657895 0.711111 0.560606 0.747253 0.655172 0.09774 0.166667 
 Ho 0.8 0.4 0.666667 0.571429 0.466667 0.1 0.166667 
 Fis -0.231 0.467 -0.212 0.25 0.295 -0.024 0 
         
OCH 34 A 3 3 5 4 5 4 3 
 Rs 2.816 2.714 3.924 3.679 3.393 2.736 2.964 
 He 0.691667 0.607143 0.833333 0.821429 0.742529 0.617647 0.75 
 Ho 0.5 0.5 0.666667 1 0.666667 0.653846 0.75 
 Fis 0.291 0.2 0.216 -0.263 0.105 -0.06 0 
43 
 
         
         
         
 Av. 
Ho 



















D. Table 2 Fstat Significance. Top half of figure indicates significant vs non significant pairwise Fst 
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E. Table 3. Bottleneck Data T.P.M. stands for two phase mutation model while S.M.M. stands for 
single step mutation model. Values under our threshold for significance in either category indicate 
a heterozygote excess and bottleneck event for the population.  (P-Value=0.05) 
D.P.S. River Population T.P.M. S.M.M. 
Western Truckee BET 0.123 0.196 
Western Truckee INL 0.0193 0.196 
Western Truckee MACK 0.0033 0.015 
Western Truckee PYR 0.724 0.858 
Western Truckee PILOT  0.065 0.221 
Western Carson EFC 0.04 0.17 
Western Carson MAR 0 0 
Western Carson MUR 0.054 0.084 
Western Walker Byday 0.00002 0.00003 
Western Walker SLC 0.00385 0.00385 
Eastern/Humboldt Marys EMR 0.036 0.114 
Eastern/Humboldt Rock FRC 0.041 0.261 
Eastern/Humboldt Marys MRBC 0.248 0.534 
Eastern/Humboldt Marys TCREEK 0.00097 0.0104 
46 
 
Eastern/Humboldt SFLH ABEL 0.002 0.01 
Eastern/Humboldt NFH FOR 0.033 0.132 
Eastern/Humboldt Marys WMR 0.142 0.483 
Eastern/Humboldt Maggie LJ 0.00032 0.005 
Eastern/Humboldt Maggie COY 0.304 0.826 
Eastern/Humboldt Maggie BEAV 0.033 0.152 
Eastern/Humboldt NFH GAN 0.32 0.665 
Eastern/Humboldt SFLH INC 0.0052 0.0134 
Eastern/Humboldt NFH NFH 0.152 0.416 
Eastern/Humboldt Reese TIC 0.00013 0.00013 
Eastern/Humboldt Reese MHK 0.0004 0.0001 
Northwestern Quinn SUM 0.209 0.416 
Northwestern Quinn WAC 0.008 0.01334 
Northwestern Quinn LINE 0.013 0.03 
Northwestern Quinn 3ML 0.00013 0.00385 
Northwestern WWH wwhcclw 0.00602 0.044 
Northwestern WWH wwhlwc* 0.0174 0.032 
47 
 
Northwestern WWH wwhlwf* 0.0002 0.0004 
Northwestern WWH wwhpplw* 0.00278 0.00395 
Northwestern WWH wwhuwh 0.024 0.084 
Northwestern WWH wwhwc 0.073 0.215 
Northwestern WWH wwhwcot* 0.00084 0.00314 
 
F. Table 4. Ne Estimator shows an estimate of the effective population size within a 95% confidence 
interval (model LD).  When HE is indicated under method, it means a significant Heterozygote 
excess was found, further evidence of a Bottleneck event. 
Population Method Estimate 95% Confidence Interval 
3ML LD 0.7 0.6 0.8 
BEAV LD 18.7 16.3 21.9 
ABEL LD 19.3 14.3 27.9 
BET LD 14.7 12 18.5 
Byday LD 6.7 5.2 8.6 
Byday HE 18.2 N/A  
COY LD 42 32.5 58.8 
EFC LD 10.1 9.1 11.3 
48 
 
EMR LD 18.1 16.3 20.2 
FOR LD 29.8 25.7 35.2 
FRC LD 40.5 35.6 46.7 
GAN LD 67.7 52.5 93.7 
INC LD 15.2 13.3 17.7 
INL LD 61.8 47.9 85.5 
LIJ LD 18.2 15.1 22.4 
LINE LD 59.6 34.3 190.5 
MACK LD 23 18.6 29.4 
MACK HE 40.3 N/A  
MAR LD 1.6 1.2 2 
MAR HE 23.3 N/A  
MHK LD 7.4 5.5 10.2 
MRBC LD 45.9 37.8 57.7 
MUR LD 10.8 9.2 12.9 
NFH LD 33.1 28.7 38.7 
PILOT  LD 46 32 76.8 
49 
 
PYR LD 69.1 53.5 96.1 
SLC LD 35.8 21.2 85.2 
SUM LD 66.4 47.9 105 
T Creek LD 42.7 34 56.4 
TIC LD 9.9 8.1 12.3 
WAC LD 5.5 4.8 6.3 
WMR LD 31.8 27.7 37 
wwh_cclw LD 13.7 10.3 19.7 
wwh_cclw HE 8.5 N/A  
wwhlwc LD N/A   
wwhlwf LD N/A   
wwhpplw LD N/A   
wwhuwh LD 9 7.9 10.4 
wwhwcot LD N/A   
WHC (combined) LD 18.8 17.4 20.4 





G. Table 5. Loci shows the microsatellite markers used for this study.  Shows the repeat number of 
the microsatellite in addition to the size range and number of alleles. 
Locus Repeat Allele # Size Range Ho 
OCH5 (CTAT)25 21 292-318 0.622276 
OCH6 (ATAG)19 12 398-434 0.505758 
OCH9 (TAA)10 9 286-314 0.405305 
OCH13 (GATA)20     21 166-272 0.60957 
OCH14 (CTAT)24 24 339-419 0.67232 
OCH15 (CTAT)26     19 223-239 0.687285 
OCH16 (ATAG)38 22 166-210 0.475377 
OCH17 (GACA)25 33 162-290 0.587851 
OCH18 (TAGA)31 23 169-299 0.627809 
OCH21 (TCA)16 8 276-297 0.353334 
OCH24 (GATA)14 15 193-249 0.520134 
OCH27 (CATC)45 46 267-442 0.658768 
OCH28 (TCTA)9 15 330-374 0.526309 
OCH29 (TAGA)9 20 261-301 0.561892 
OCH30 (TATC)32 25 145-237 0.677964 
51 
 
OCH31 (TATC)9 17 245-309 0.445635 
OCH32 (TAGA)9 14 171-215 0.520691 



















List of Figures 
A. Structure runs- these graphs show the runs of structure with the best supported Delta K.  Graphs 
are geographically organize, and K indicates the number of Gene Clusters for the run.  Average 
membership was determined by averaging the five runs for each K value. Membership per 
genotype cluster is graphed in a 3-D display, indicating the overall population genetic structure. 





































































































































































































































































































































































































Figure 5, a map of current DPS designations for LCT under the endangered species list.  Study 
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